Radionuclide Releases
During Normal Operations for Ventilated Tanks Revision 0
Ventilated Tank Source Term Determination Purpose
This calculation estimates the design emissions of radionuclides from Ventilated Tanks used by various facilities. The calculation includes emissions due to processing and storage of radionuclide material.
Background
Various operations with radionuclide containing material involves the use of tanks with active ventilation systems. The tanks addressed by this calculation are fixed roof and horizontal type tanks. The non-ventilated versions of these type of tanks are addressed in "Compilation of Air Pollutant Emission Factors, AP42" published by the Environmental Protection Agency (EPA). AP42 uses the vapor pressure of the material in the tank to estimate emissions. Because the tanks in AP42 are not ventilated, the passive losses must be estimated by factors affecting breathing loss and fill rate. For the ventilated tanks the losses are not passive, but active and are determined by the ventilation flow rate.
The following calculation is similar to the EPA AP42 method with the exceptions noted above. This calculation uses the Vapor Pressure of the material in the tank and the ventilation flow rate to determine estimated releases.
In some tanks there maybe a hundred different chemicals. For these cases, as shown in the Example Calculation, Appendix D of 40 CFR 61 is used as a screening tool to reduce the number of detailed calculations required. This graded approach to determining the emissions is conservative, in that the estimated emissions from Appendix D for those radionuclides not included in the detailed vapor pressure calculation is added to the emissions from those radionuclides determined by the Vapor Pressure Calculation.
Methodology Description
The radionuclide source term from a ventilated tank is composed of the releases from the vapor space in the tank. In some cases the tank may have extreme agitation that produces an entrained liquid droplet stream. For tanks with entrained droplet, some form of product recovery system, such as a demister is employed. In this case the vapor pressure at the exit of the demister would be used to estimate the source term. Referencing Figure 1 the tank emissions would be estimated at Vp 1 when a demister is not present and at Vp 2 when a demister is present. The first step in the process is to perform a screening emission estimate with Appendix D to 40 CFR 61. Emission from any radionuclide that contributes significantly based on the Appendix D evaluation would be evaluated based on the following methods. These radionuclides are termed Level II radionuclides. The estimated emissions for the tank would then be the sum of emissions based on Appendix D without the Level II radionuclides and the estimates of emission for the Level II radionuclides based on the following method Level II Radionuclide Evaluation An estimate of the partial pressure of component i above the solution or at the demister exhaust can be found using Raoult's Law.
where: p i = partial pressure of component i, atm X i = Mole fraction of component i in tank solution, dimensionless
The number of moles of each component is calculated and divided by the total number of moles resulting in the mole fraction for each component. Revision 0
where:
Then by Dalton's Law the total vapor pressure of the solution or the demister exhaust gas is simply the sum of the individual partial pressures.
where: P v = Total vapor pressure, atm
The mole fraction of each component in the vapor is now found by following through with Raoult's Law.
where: y i = Vapor mole fraction of component i, dimensionless
The molecular weight of the vapor can now be found
where: M v = Molecular weight of vapor mixture, g/g-mole
The density of the vapor at the exhaust temperature is then found using the ideal gas law. As the vapor pressures are very small, it can be assumed that the vapors are acting much like an ideal gas. Revision 0
where: ρ g = Density of vapor, g/cc R u = Universal gas constant, 82 05 .
The emissions are then found as the product of the density of the vapor, the flow rate out of the tank or demister, the length of time the material is in the tank, and the vapor mass fraction of each component.
( )
where: W i = Mass emissions, g/yr F g = Tank ventilation rate, cc/min τ = Annual time of operation, day/yr X vi = Mass fraction of component i in vapor, dimensionless
The vapor mass fraction can be found as
The curies released due to the Level II radionuclides can now be found from the specific activity and the mass fraction for the isotope of concern.
where: E ci = Emission of radionuclide i, ci/yr S i = Specific activity of isotope i, ci/g C f = Control factor for each control device type, dimensionless Revision 0
Example Calculation
Caustic Side Solvent Extraction (CSSX) Pilot Plant Given: 1) Inorganic compound vapor pressures. See Attachment A 2) PuO 2 vapor pressure = 1.12E-09 atm at 1450 °C (Wick, 1980, p.341) 4) AmO 2 vapor pressure = 4.145E-11 atm at 1327 °C (Schultz, 1976, p.153 (4) the mole fraction of each vapor component is determined. Then using Equation (5) the molecular weight of the vapor is found. And finally, the vapor mass fraction of each oxide component is found with Equation (8). Each equation is reproduced below and results of these calculations are presented in Tables 6-10 . The density of the tank vapor at the elevated temperature can now be found with Equation (6). 
The estimated emissions from the tanks for each compound are now found using Equations (7). Let, τ = 365 days. The results of this calculation are contained in Table 11 . Equation (9) is used to determine the estimated releases in curies. Since Equation (9) contains the specific activity which in this case is based on the metal and not the compounds, Table 11 must first be converted to Mass Emissions by Element. This has been done below as Table 11a . As each of the elemental masses is composed of various isotopes. before Equation (9) can be used the ratio of isotopes making up each elemental mass must be determined. The ratios can be determined from the Ci/L data for the project. First the Ci/L data is converted to a gram/L value by multiplying by the specific activity (S i ) for each isotope. The total mass of each isotope per liter is then found. The ratio is then found by dividing the isotopic gram/L value by the total elemental mass. The result for each Tank is presented in Tables 12-16 below. Revision 0 The estimated curie emission levels can now be found using Equation (9) along with the isotopic ratios from the appropriate table.
The results for each Tank are presented below in Tables 17-21 . The total facility estimated emissions will be the sum of the individual Tank emissions plus the nonLevel II emissions from the Appendix D calculation. The sum of the tanks emissions are presented below in Table 22 . The total Facility emissions are summarized in Table 23 . Revision 0 The Total Estimated Facility emissions are found to be 3.18E-03 mrem/yr. Revision 0 At the boiling point the vapor pressure is by definition 1 atmosphere. An observation made as early as 1884 is that the enthalpies of vaporization increase almost linearly with the boiling temperature. This consistency has resulted in Trouton's rule, which states
Using these two facts Equation A-2 can be used to estimate vapor pressures for any compound given it's boiling point. For solids A-2 generates the dashed line in Figure A -1 which leads to a conservative vapor pressure, as the pressure is found be at a higher value than the true value. This approach has been used for many of the compounds found in the example facility.
Another conservative estimate has been incorporated into the vapor pressure calculations for compounds that decompose instead of boiling. The assumption is made that the vapor pressure at the temperature of decomposition is 1 atmosphere when in reality it would be less. The affect is to raise the phase diagram as shown in Figure A -2 by the dashed upper line. 
